Introduction {#s1}
============

Percutaneous coronary intervention (PCI) revolutionized treatment of coronary artery disease (CAD); to date, it is the most commonly used myocardial revascularization method in cardiology \[[@R01]\].

Drug-eluting stents (DESs) can markedly reduce restenosis and have become the most commonly used devices in interventional cardiology for treatment of coronary stenosis \[[@R01]\]. Although this technique does not completely abolish restenosis, a drastic reduction due to significant decrease in neointimal hyperplasia has been reported \[[@R04]\].

On the other hand, the rate of restenosis bare-metal stent (BMS) varies according to clinical setting, patient and angiographic characteristics, with rates as high as 60% \[[@R05], [@R06]\]. Oral drugs for reduction of restenosis are not a practice in interventional cardiology because studies performed did not support it \[[@R06], [@R07]\]. Several studies that evaluated oral administration of sirolimus or immunosuppressants after BMS deployment have reported reduced neointimal hyperplasia compared with BMS alone; however, this reduction was not sufficient to allow their clinical use \[[@R07], [@R08]\].

Increased knowledge of restenosis pathophysiology after stent implantation in the past decade has helped to explain why certain drugs were not effective when administered orally.

Methotrexate (MTX) is a folate antagonist that blocks the S-phase of cell division, consequently blocking mitosis. Moreover, it has potent anti-inflammatory activity \[[@R09]\]. This drug was initially developed for cancer treatment; however, it has been used to treat rheumatic diseases including rheumatoid arthritis (RA) and psoriasis \[[@R09]\].

In this study, the primary objective was to evaluate the safety of oral administration of MTX to patients with severe CAD and the secondary goal was to evaluate the possibility that MTX has an impact on restenosis after BMS deployment.

Materials and Methods {#s2}
=====================

This was a transversal, prospective and descriptive study that recruited 16 patients in whom PCI was planned from January to December 2016. This study followed the ethical principles in clinical research and was approved by ethics committee and all patients signed the informed consent.

The inclusion criteria were: age \> 18 years, one vessel disease with *de novo* lesion \> 70% and moderate or severe ischemia according to myocardium scintigraphy for which optimal medical therapy was taken, and one of the following: diabetes mellitus (DM); reference vessel diameter \< 2.5 mm; or chronic kidney disease stages ≥ III associated with reference diameter of the target vessel \< 2.75 mm.

The exclusion criteria were: contraindications to MTX administration; severe lung disease; liver or kidney disease; and inability to undergo cine coronary angiography at follow-up.

The degree of coronary stenosis was assessed by visual analysis. Patients with stenosis ≥ 70%, requiring PCI, were potentially candidates to be enrolled and the study was explained to them and those that accepted assigned the informed consent.

Anamnesis, physical examinations were performed to collect clinical and laboratory data. Data were collected using a questionnaire.

MTX was administered to patients at a dose of 5 mg/week for 2 weeks before PCI and 8 weeks after PCI. BMS deployment was performed according to standard practice. All patients were under dual antiplatelet therapy (aspirin + clopidogrel).

Patients were monitored clinically every 15 days during the first 2 months after the procedure and monthly until 9 months after PCI. Coronary angiographs were performed in all patients 9 months after PCI due to protocol.

Clinical restenosis was defined as the occurrence of acute coronary syndrome or stable coronary disease with positive ischemia detection test (moderate or severe ischemia). Angiographic restenosis was defined as ≥ 50% in-stent stenosis or within 10 mm proximal or distal to stent \[[@R06], [@R10]\].

The complications associated with the procedures evaluated included hematoma, allergic reaction, pseudoaneurysm, infections, acute myocardial infarction (AMI), stroke, emergency surgery, retroperitoneal bleeding, arteriovenous fistula, and death.

The following complications associated with the use of MTX were evaluated: erythematous rash, pruritus, urticaria, photosensitivity, depigmentation, alopecia, ecchymosis, acne, furunculosis, bone marrow depression, leukopenia, thrombocytopenia, anemia, hypogammaglobulinemia, hemorrhage, septicemia, gingivitis, pharyngitis, stomatitis, anorexia, vomiting, diarrhea, hematemesis, melena, gastrointestinal ulceration, enteritis, liver disease, fatty change, renal failure, azotemia, cystitis, hematuria, menstrual dysfunction, abortion, birth defects, severe nephropathy, interstitial pneumonitis, headache, drowsiness and blurred vision, hemiparesis, aphasia, paresis, and convulsions.

The statistical analysis was done using SPSS Statistics for Windows, version 21.0. A descriptive analysis was performed and the numerical variables were presented as mean and standard deviation after the normal distribution of the data has been tested by Shapiro-Wilks. Categorical variables were described as percentages.

Results {#s3}
=======

There was a predominance of male participants, the average age was 62.4 ± 8.3 years, and majority of the patients had an elementary school level of education. Other clinical and sociodemographic characteristics are shown in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### Social Economic Characteristics of the Patients

  Social economic characteristics        N    \%
  -------------------------------------- ---- ------
  Sex                                         
    Male                                 11   68.7
    Female                               5    31.3
  Scholarity                                  
    Illiterate                           2    12.5
    Elementary school                    11   68.7
    Fundamental school                   3    18.8
  Skin color                                  
    White                                9    56.2
    Non-white                            7    43.8
  Monthly income                              
    Minimum wage                         12   75.0
    Higher than minimum wage             4    25.0
  Neighborhood                                
    Within Recife Metropolitan Region    8    50.0
    Outside Recife Metropolitan Region   8    50.0
  Habitation type                             
    With basic sanitation                15   93.8
    Without basic sanitation             1    6.2

###### Clinical Characteristics of the Patients

  Risk factors and comorbidities         N    \%
  -------------------------------------- ---- ------
  Hypertension                           15   93.8
  Previous angina                        14   87.5
  Dyslipidemia                           13   81.3
  Family history of CAD                  13   81.3
  Physical inactivity                    11   68.8
  Previous acute myocardial infarction   8    50.0
  Smoking                                8    50.0
  Diabetes mellitus                      7    43.8
  Alcoholic                              4    25.0

CAD: coronary artery disease.

Analysis of coronary angiograms revealed 26 severe, 21 moderate, and 18 mild stenosis cases. Of note, eight patients had single-vessel disease, five had two-vessel disease, and three had multi-vessel disease. Coronary artery stenosis was more prevalent in the left anterior descending artery (LDA) ([Table 3](#T3){ref-type="table"}).

###### Moderated and Severe Arterial Lesions in Coronary Arteries

  Coronary artery              Moderate lesions (≥ 50%)   Severe lesions (≥ 70%)   Total
  ---------------------------- -------------------------- ------------------------ -------
  Anterior descending artery   9                          7                        16
  Left circumflex artery       8                          7                        15
  Right coronary artery        2                          12                       14
  Left main                    2                          0                        2
  Total                        21                         26                       47

The average diameter and length of the stents were 3.0 ± 0.4 and 18.1 ± 5.9 mm, respectively, as shown in [Table 4](#T4){ref-type="table"}.

###### Diameter and Length of the Stents (mm)

  Patient                     Stent diameter   Stent length
  --------------------------- ---------------- --------------
  1                           3.0              23
  2                           2.5              23
  3                           2.5              16
  4                           2.5              23
  5                           2.5              13
  6                           3.5              16
  7                           3.0              20
  8                           3.5              19
  9                           2.5              15
  10                          2.75             15
  11                          3.5              18
  12                          3.5              24
  13                          3.0              24
  14                          2.5              18
  15                          3.0              15
  16                          3.0              28
  Mean (standard deviation)   3.0 (0.4)        18.1 (5.9)

There were no immediate or late complications associated with PCI. Adverse events and side effects due to use of MTX occurred in three patients (prevalence 18.7%). Of note, two patients had skin desquamation on the extremities of the upper limbs and one patient had dryness of the oral mucosa. These side effects are classified as minor complications. The MTX was not discontinued due to these side effects. When the patients finished the MTX due to protocol, they were healed.

There were no reported cases of clinical restenosis. Only one patient had angiographic restenosis (prevalence was 6.2%; however, her myocardial perfusion imagining did not show ischemia).

Discussion {#s4}
==========

Based on the few side effects observed, this study demonstrated the safety of MTX administration in this study population (patients with severe CAD). In addition, these complications did not result in treatment withdrawal. MTX has been used for treatment of patients with rheumatic disease and the rate of side effects is low.

There were no reported cases of clinical restenosis. Coronary angiography performed at 9-month follow-up showed that angiographic restenosis was low. These results are quite satisfactory considering the clinical and angiographic characteristics of the patients enrolled.

Neointimal hyperplasia is the primary component of restenosis after stent deployment. Vascular injury occurs, followed by a reparative process, in which migration of vascular smooth muscle cells (VSMC) occurs from the medial layer into the intima, cellular multiplication, and cellular secretion of molecules. These events play an important role in the formation of neointimal hyperplasia \[[@R11]\].

DESs have been used as a platform to carry and release drugs at the site of injuries resulting from PCIs. The drugs most commonly used in clinical practice are sirolimus (and its analogues) and paclitaxel. These types of DES reduce the chance of restenosis up to 70% compared to BMS \[[@R12]\].

DESs with some cell mitosis inhibitors, such as dexamethasone and tacrolimus, have not shown sufficiently positive effects in pre-clinical and clinical studies to allow their use in clinical practice \[[@R19]\].

The prevalence of angiographic restenosis after BMS deployment is up to 60%. Despite many attempts to reduce restenosis rates, only reduction of the stent structure thickness resulted in reduced restenosis \[[@R06]\].

Reduction of restenosis was attempted by oral drug administration. However, the results of the drugs tested were not satisfactory enough to warrant their incorporation into clinical practice \[[@R07], [@R20]\].

Some studies, including the oral sirolimus to inhibit recurrent in-stent stenosis (OSIRIS), oral rapamune to inhibit restenosis (ORBIT), and prospective, randomized oral rapamycin in Argentina (ORAR) studies, as well as other investigations, evaluated oral use of sirolimes and reported an intermediate efficacy. However, these drugs caused many major side effects, which may have contributed to the lack of interest for phase-III clinical trials \[[@R20]\].

The high prevalence of side effects reported in these studies was surprising considering that sirolimus (rapamycin) has been used in transplanted patients and this high frequency of side effects had not been previously reported \[[@R08]\].

Authors evaluated the neointimal hyperplasia of transplanted kidney patients (taking immunosuppressive therapy) that underwent BMS implantation and reported that neointimal hyperplasia was minimal and determined 9% of vessel obstructions \[[@R24]\].

Some studies evaluated the use of MTX and restenosis after PCI. In this context, in 1992, an animal study evaluated, among other aspects, whether MTX would have any effect on neointimal hyperplasia after stent deployment. The authors concluded that the amount of neointima did not differ from the amount obtained after using stents alone \[[@R25], [@R26]\].

Two decades after this study, some considerations need to be made about these findings. The stent used in this study was a coil. Nowadays, this type of stent is out of market because it did not have good outcomes in clinical studies. The kinetic of drug release was not appropriate because the majority of the drug had been released from the stent during the first hour after deployment. According to stent design, only a small percentage of the drug was released to the vessel wall. These release kinetics are considered unacceptable considering recent standards for any experiment involving DESs.

In this study, the balloon-artery ratio was above 1:1.2. It is known that this kind of model is related to higher possibility of great amount of hyperplasia. Therefore, the large amount of drug delivered in the first hour, the small amount of drug delivered to the vessel wall, and the balloon-artery ratio are factors that may raise doubts about the authors' conclusions.

In 2004, a study was published that compared MTX-eluting stents to SAE-coated stents which was done in pigs. In this experiment, the stent-artery ratio was 1:1 and 50% of the drug had been released by 24 h. The results showed that MTX-eluting stents reduced neointimal hyperplasia (1.22 ± 0.34 vs. 2.25 ± 1.28 mm, P \< 0.01) and in-stent obstruction (21 ± 8% vs. 36 ± 21%, P \< 0.01) \[[@R26]\].

Another aspect that deserves attention was the finding that MTX had no effect on cell proliferation *in vitro*. However, this conclusion was based on an experiment that used cells derived from rabbit aortas and not from stent-treated pigs, which were the basis of the study.

We should imagine how neointimal hyperplasia could have been reduced in this study if MTX had no effect on VSMC proliferation. Therefore, we hypothesize that other mechanisms leading to hyperplasia reduction, e.g. inactivation of the secretory function of VSMC or the effect of MTX on the proliferation of VSMC from rabbit aortas was different from that on pig cells may justify this matter.

One case-control study evaluated 228 lesions in patients with RA taking MTX and 677 lesion controls treated by PCI. Both groups were followed for a mean of 3.8 years. In the RA group, patients treated with MTX or TNF inhibitors showed significantly less target vessel revascularization \[[@R27]\].

Davis et al evaluated the relationship between polymorphisms in the enzyme methylenetetrahydrofolate reductase (MTHFR) and cardiovascular events in 1,047 subjects. They did not find any type of association between MTHFR and cardiovascular events in RA, while MTX use was protective against these events \[[@R28]\].

In addition, our results allow us to hypothesize that MTX may have beneficial effects on restenosis. It is of note that administration of MTX for 15 days before PCI and its maintenance for 60 days aimed to block inflammation, considered one of the triggers for formation of the neointimal hyperplasia, and mitosis. At the time of the previous studies on MTX, the importance of the kinetic of drug release was not well known.

The efficacy of DES is high and its safety has improved in second- and third-generation devices. However, high costs have limited the introduction of this type of material on a large scale in underdeveloped or developing countries \[[@R29]\].

Therefore, the search for low-cost therapies that have a positive effect on restenosis is extremely important for patients living in countries with limited financial resources. Furthermore, the feasibility of effective and safe therapies that are not used in the population due to their high cost should be addressed.

Conclusions {#s4a}
-----------

MTX was safe in the study population and raised the possibility that a low-cost drug may have positive effects on restenosis after BMS implantation. However, studies with larger sample sizes and other imagine modalities (intravascular ultrasound and/or optical coherence tomography) are required to confirm this hypothesis.
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